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(54) FUEL CELL AND ITS CATALYTIC PROCESSING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To set all unit cells of a fuel cell 
stack to the equal and satisfactory catalytic state and obtain a 
good battery characteristic by controlling voltage suppressing 
variable resistors, based on the voltage values measured 
between cooling plates of fuel cells. 

SOLUTION: Electric lead wires 5 are connected to cooling pipes 
buried in cooling plates 4 of a fuel cell stack 3 respectively. 
Opening/closing switches 6 are arranged on individual electric 
lead wires 5, and electric circuits 8 are formed between the 
cooling plates 4 via voltage suppressing variable resistors 7. 
Voltage measuring wires 9 are connected to the cooling pipes 
respectively, voltage detectors 10 are connected between 
individual voltage measuring wires 9, and voltages between the 
cooling plates 4 are measured. Voltage signals measured by 
individual voltage detectors 10 are inputted to a voltage 
suppressing controller 11, the voltage suppressing variable 
resistors 7 are controlled, based on the voltage measured 
values, and the voltages generated on the electric circuits 8 are 
set to the prescribed values. The hydrogen gas and oxidant gas 

are individually fed to fuel electrodes and oxidant electrodes respectively while the stack 3 is stopped. 
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mmmommi 

flMtfiltt Lfc*-* >fr 6 ft £«S*Jf £i)MB*ft 

fifBmEfflftiJW^«JjT;*ftiJ«-r 5 c t t?, frlB«misi£S 
l=fS*f-6«EE*R)f3tfltl=1M»-r-S«Eil)l«i««ft#a 

«nE*»«a!i»»tt:<Dafi# ± * i= , «tie$**& * t>* 

[1**112] * 

£jg$!« £i§i# l * - > & ft £fnB*«p 
antiic^t- i> wife * i/itibftja * mm l rnna-tr 

suiB*mis]g&iciHis^^, Hiii5;tin4sr B icDm)±$;iii^^- 
mmmnm : ,mmita>'M^±fp i = , miia^a * fe i* 



*S«*Wlc|B13tttti8i:-r £ c £ T\ ffirK»<fc«*X 
f $ cfc 5 iz L fc c . t £fttt 1 * £«*4W?t!i (Dtt»fljg:fr 

«5Bl««i*0«!»a j3«fc «K<bJWaiC*»#X feck tflft 

ft «o ^ i> c 1 1 = cfc o x * a -aj ti s * 

ffiiBiitta^^sicj; y ;ii]^:$tif=a)±cDttic*^L>r 
BtIfB«)±ffltiJoIS»ji$fW-r * C <t T% mj|BmS.[3K 

fJfB'M*4«;tijW)H*©Ste<*it.^(^. «rffi*»a*fcf± 

#*&.b.> 

JW-e»J« bfctft0Bl:Ell LfcBlifB«ffI'I^^ISfccfc 
t/«ffffllft!HiiJ»^SI=J: y . B!JtB-tr;u4#tt^^§l5»lil?1- 

Lfc«a £gHb£y«teic. **L-F*i-«B#ra«i# 

L fe ft iz , BtllB'E*4afc cfc ^Itib^ija £ ^;St4 **x -c + 

i/*ff«i«ij*j»#si=«fc y » «tfia-b;u!|*tt5FA»»em 

^*«*WI=MlHlKtt»i: i r-5c t-C. MfBiS^i]**X 

-r -& cfc 5 \z l fe z t $ 4: -r 4 mnmmo>mm^m^ 

cis^n4 ] M^»^i^w#fes*4a«fet*^fb 



(3) ftfflW- 9-199 1 5 1 



su» z&ti-ftwwfi X- mm u tz m% m s§ £ m mmvtm i- 

•eff2J& Lfcm«(a]^$SI$;tai«P a 1CDm)±A<0 ~ 0 . 8 

^ ic Lfc c <t £*#ft <t -r &»#ii 2 £f=i*iff*ii 3 icie 
in«f B iT?ff^Lt-«^[i^;^sp«p B i(7)«ii$. o. 3 

~0. 7 V/-iz;KDlGHIcftiJ»-r § * ? 1= Lf- C i: £4# 

iat -r •sw^ia 4 iciB*©»*4m^<»M«*aa:£>£<, 

6'] mJtB®*4W5i!Jf*Jfft»S)t£. 
ft 1 8 O.JS<D«SB<Oia«ffl*l=-3£B#I««}#-r * J: 9 (3 
LfcC £ Sttflft <t-TI.W*ii 2 3 (cfSKOT 

-fitft 1 O OJSG>iSBa)Sft«*l=-3eB»|B|«l#-ri>«J: 
(DlH«»=*"3l vc*jT*-* <fc 5 1- L- f= C <b £ "T 4 

if *n 2 ^fciiit #n 3 (ciatt©'E*4m;fe<»M*x®a* 

c t 2 ztzmmm 3 icib»©ki4 

[M** 1 o ] nrnm-esm Ltz^mmm 
fi?HHffiiji-^-r swifc * zfMitmm* mm u -cjui 

-tr/u£J&J*U fr-ommmtk-£)\s£. -to/ils—'. > — » .* 
fcl4P9»(=JftM6 £ff If * -£ 5 $ *Lfc 

*4«*W)H*cD^*4IIfc «fc U'MibMffiK»4#x £ <fc t>* 

=Sf i>t«4«;iilWIl<*cDM^a^;*!^ £ UT , 
frtB^tPftlWe. «SJW1IHiar*»K*^ LTffi*(c«« 

lHMEmftBi&l-EKS+i. lWIBJ*SUSIHlCDWE£a!l5£-r 
fllBmUfflf IJ BI^ffiK «"f 1MB* 

i=fB*f *«m*Bf3t«[i=«i»-rft«Etti«i«ii»#s 



wi3^*4«;teffl)i*© aisi* jh* 1 * > m tm.nm £ tz it 
izMitmis* zmm? & tmz. f6^a>*«ic** #x 

IHlT?»fltLfc«J!lia»rzEi9:UfclWHB«BEaiS*SteJ: 

m t mitmm t (Dmizmwm&mmmmn. ( if s -» 

St) SSAfi>ci:r% ^*4m;tilf«B^rt©?^^bffl 
[ o o o 1 ] 

« y » mzm*mmm&<D^W£mitt)L(DMmm 
[0002] 

<D«iBlciftJR*rx-V>ffifll4»©|ft'(b*J^^*»**1i:. C 

[0003] :;t% tiltLttt, 
Lt'J ^ffflt^fe y >^05'M4'4*;t!lA<gt^ffl6<)i: 

[0004] B4ii» ca>a<7>«s***a!ja)?%, 

t LT'J Lfc-«fi*l«C 'J >IS^'M*4«*<7)« 

3 ic. ^7LR»«$ttffl LfcT > — F 1 a <b * V- K 1 

1 tf> 2 t ^ UTttMW 

lit, «»«5t!iaiH*3A<JKJ5£**iT^4. 



(4) 



ftfflW- 9-1991 51 



[0005] &tzs CC0*i4-ir-IH <T)7J— K 1 a , 

<fct;*v-Ki bicii, ■ -t*i-eh.*«wji 1 ct^jarr 

[0 0 0 6] Cfl)*tttJUi, #X«*ME2fc 

^SIlcatML, -3t*»Ji-*-SSlc^SP«t4*< 
#A*tlTl^. Sfc, #*fl«S2l4, 7/-K1 a 
fc.«fct/* V— K1 b©^*i^;hWCtlU&£;h.-S#X£E# 
f Si^l-, Jdtt-b;u 1 M(D*ftM&«t 5 

[0007] ;-fr£p*s 4 1*. .rtapi^**©*!** 

jTT Cilery. JHtt-b;n T?ec**ft^b!9eMSJ»lc 
fli*o"C^i:*J»«l«t*U-C, gallant* 3 

[ooos] C(D^*'4«;feaii*3lcl4. ftftft 

3 t?$s£ Lfc*3t*a y ai-rfc*>i=. -€-<d±t 

ftttttftatllft: 3 ©fflfflizi*. £SHb#J Ax $ 

[0 0 0 9] —MIC. 7V — Kl a & <£ A V — 

Klb, Ax»iHtI2, *4P«'4!*, ^-r*ttft**» 

[0010] ja±o«fc5 3S**s*-rsu>»a! 

BS'#4«jdn?l4. #JW4-tr;H icfci^T., 7/-K1 ale 

[O 0 1 1 ] H2 ->2H+ +2 e" 
d<D**<0»ltSJ6^«fey96±Lfc**-<*> (H+ ) 

it. mmnm 1 cics^etitry vb^^isu av 
-ki bicit-r*. m^f (e- ) is. 7/-K1 

a A>t>n§|5@E§t;;1t^, lAftiSSloTtt*^ U A 
V— Kl b izm-f So U"t\ 7 / — K 1 a^iE>^®)L 
t*-fc***-*> (H+ ) fc. AV-K1 blctM6**i 

f=K* (02 ) t< ftummvitmzLTZtzm* (e 

- ) iicfcy, AV-K1 bl=^%$*tfcMii©^ffl(3 

[0 0 1 2] 4 H+ +02 +4 e" -*2 H2 O 

[oo 1 3] fefc, ±iaoD*fe-fe;u 1 i=*ji+ SKt&i*,- 

*J!ftS(Sif*.ft*<s Ctil*^*4*;fiWIH*3(7)Fte|§|5lc# 

A^HTo.?);^sn«4iCcfcoT;'%sp?tt-5)o mm 



©u>»ffl»*4«5Si-ett, a*. «*4AX<b LTIi. £ 
tLX. (CH 4 ) ^6<c«35»#Xl=*«Sft 

(H2 O) £tt»7LTanf»U ^(DcfconcSFSlCfeoX^I 

[0 0 14] C H4 +H2 0-»3H2 +CO 
CO + H2 0->H2 +C02 

7KiitAx<h*ic-|Hbgi* (C02 ) * 
mB#ic#g£-r& 0 

[0 0 15] ft or. «»«Jtfei=«fS**t*irxi4. 7X 
a>y*^:tfx*>-SHbift* (co) 

[0 0 1 6] mTOlftBJT'li. C<D;I£AX©C: 

;114XfcS<DX. »4«;t!!lctti^$tLTt±aHOTSlS$ 

[0 0 17] *fc, BfciHtfXiLTIi,. -AWcfflfttf 

S*Ax4L,7F>5t£AXT'fc-&(D'T:\ ^mftl-tt 

[0018] t C 5X% CCD* a 'J >IM$<BB14»$& 
^ffl^-5'B*'4^;tillc*5L'>TI*. SSSJEId:, «^lof±IB 

cd <fc 5 ic , n^mmm^mn & <c -§> 
* fci*iMb#j*f xfr 6 & sata(02 -oomtm^t 

^rlcl* s -<ei=.3ffi|#Si:f*$ti-5A<. ZCD3ffi^®CD 
SaiCcfcoT, »4^;i!l©l|ffiJS:U:, o*y*}fi»tt^ 
$ 414 1 1"> o r £ilw-t? little 

[0019] -r^ft>*>. cl<7>3^a^s<7)®«A</^$L^ls 

B£ 'S;te4#ttl4fS)± LT . iStt«gW^*4m;t!l^^S C t 
[0020] ccDcfcdlc, ^*4H;ftf#ttl3fJS$^lS-r 

3514) " l=ta^t£ttM<t4-oT^T^^ 0 

to O 2 1 ] ±54 Ltz <fc d IC. U >»*<0K14»)«*ffl 
t ^-S JK»«56r I*. *#MM«*§I# * -H-fc * - jK 

e>ft-5@ffl, y >»*<o««mi^ fcdcu'K 
*4 Ax $ fc tt^1bS"J **x ^) £ -5 tffcffc Ax e, ?t -& mt@ 
CDHOCDffiA^^-5 3ffi#S£Dffifilcd;oT, fe*4«5t!l 

•r s «a«ifiaw-ea^ $ ti-c * r 

[0 0 2 2] LfrL&A^ »5felct-±i.ma»*4© 



(5) 



#M¥ 9 -1 9 9 15 1 



si#tti=;JS-tt**<a*35<^i:Tus. 

[0 0 2 3] CZfttt. f£::b*>. -h— if-.lsmfrh+&%>m 

14) " CD^l^-lcJc-S^OTT'&SCi:*^ 
(«^HB. H3iilf, fg5$, y>^S»*4 

[0 0 2 4] ttttttftOttStiiitM** Jt&Mttli 

«fl?ft-efc£>y >lt ($*g) A<«AL-cu*ci%fcto, fi 
©fSfcaMEttHITC**. ccofcto. a«i*s «***;& 

aueitmi=ttttfli (bmi) u >k (*«) sai 

[O 0 2 5] 

»4®;&l=fc^'CI4s *— Tj^lx^&^-Sfflffi^O'J > 

[0026] -rfc*^, mwmzit, mmo) "mm± 

SSftOSIfttSzt^-tliA^ "aMttt (;*iS 
y. P^(D3*@#®CDS«^-t?Mb7d:^|gm<!:^-5.o 

[0027] cottH'cojKftmjissttateii. 

*fc*£l=l;ttSS&*l=£-&S*lJ&<**. fits CCD 
Cfcif £.1=14, «a»«-C*4*-Jt5>© 

* a &tzto. mmmik i = o & *< otitic 

[0 0 2 8] *#gBJcDlittl4. j»#4*i6»JH*l=i3^T 
«*4«?l!i»l*f*0>£ #(4-fe ; u £ Htf o a # *MM*8 

*a«-r s c t fc & & . 

[0 0 2 9] 

«)i=. £-r\ &mmi \zmB*%§t®x*&. weittat 



;i l fcmis h ji -c . L fc * - * 

> A* & fc Ste^H *«»»i«f=*^ *«*M1<I3 J; tf» 

* £ *ifc*si* L&&mmm u r 

■f**»* L. ^K^*4«;&aiH*©»4afcJ:Lf:it1b 
■««I=**WX «fe tfSHb#]7J X -5 c 

^ fc<fc oTSSv a 1= Lfc«S»«Jftl::fel* 

aSt $ <t , »JEI«5£#!SI= <fc y ;!>l5t * *i 

fc cfct/^b*ija^tu^e&ji=7K^**xt, l < i4^ftsij 

[0 0 3 0] -7f. mPMS#;lLfcS«lM)S5^ 
-e, ***tt»^S»Lfc*-7K>Av&J&:*«J(KB** 

fc ttftttlcttft £ffift * i± * »3J»4<a» * *i-fc;t4P« 

jtn«Bi*c75^*4afc .fc t;M<bJHai=j«»*rx fc * i; 

# -5 $i*4*;fe-t? » «B^a$ fc l*ttft*ia<DffltJ«Jf^<D« 

LTtt*j=«ft@itt*»jai^ ma@^i=iBis$tL. * 
stEKPttMifsi: > j»»a*» s «kt;K<b«ia-t 

IBt^St^iix, ^*4«;iiifSli«;cDil*E»ib^l3, «s 

+^^mai=itib*ij**x * etift-r * t *r=, te*<z>*a 
»$**t;-%sn4sp B Teff$j$ Lfc*m0E§i=iB» ufctaa 

»mHcoS|5^cD«(E$RfTSiSI=, *fc-fe;H#14^A«P5J- 
•Scb3l=LXl''-l>„ 

[003 1] *fc, m#&3ltMfo?%M<®t*i£. ;ifSP 

f ^> «E3WS*S <t , «E;I «3£^«l= * 9 $ ttfc * 
Ecofillc»-5tNTSI±trpfti)oi^Stt$fti]»-r -S) C <b t?. 



(6) 



mm^Q- 19 9 15 1 



x t l < \±m.itma^m^w^mm^.t 
mw^mmmw<Dm%iw±*p\~. wMm&tzitmmm 

#x %mm?z>t mz % «i*©ai=**^x l , 

£ & lz± JUfftt^F Atta-ia* CDSP» $ ft t^SHfiFslT?^ 
J* Ufc«SHal»l=EI9! LfcWESl5£¥»*i <fc WEfflMM 

X Lfc*a#JIC7K***X £f-$fclC7k«#x «• 

lc, *fc-fe;H*tt^A»#0)^*iiiRfl*II=il!iHltt««i: 

[0 0 3 2] CCt% 4#!-«X.I**W*ll4fcJ:LMf*II 
5 CifS* Lfc cfc 5 ±e«ftttftaj|{*G)«K*4a£ tz 

ajc»<b#j*f^$ttie-rst*ic. *ft*<7>«aic7K*# 
fi»»*fet;)fr3ai«ni|-c»«Lfc*9iliK*lll!iltttt«i 
mvmm. Ltzm%mmimmtfsmKm<»n&.ti< o ~ o . 

sv/t;k J;yff$L<tt, o. 3~o. 7V/-fe;u 
[0033] * , mfL i* at** 6 & vwm i t-ia 

ficl 8 0S> J:y»£L<l*s fl»a~8lftl OOJS05I5 

h<d ja««*i=-5£^M«i#-r - 1 l i*. 

[00 3 4] «Ali»*«8lclH«L.fc«k3 

i=» ±tBi:tttij»^Btr B ii*, tttttt&anttoas*: 

•fe ftSBfl^WSK ^SA $ # £ 0>H«l=* 

[0 0 3 5] JblCffc, «^l**It«ll9lClB*Lf=J: 

a lc, JzlBt«*4«;t!i#J±4>lc^j(!4g*fcl*it<bfflaroL^ 

teffltfXi: LTI4, ffift*ffc|fr*-£ Lis 
[0 0 3 6] -2N 0l=»lt:-r*»W^I4. « 

^R£#;tLf=lifi?!tJf £ftA,T% «£»Wi*g£*II#L 

fc*tf»<bffla£lB«LT*ifHzJU*®jaL. AoSi 



Ift-T * z 1 1= «t o r «» * «4S:;fe t* , :K*¥4ffi 
#Lf=-bMftt^&g|5»$*-ri)»'4«jteWB*cDM!« 

araaraicas^T. jfraiaiiBT?. «ffjqi*ijwK«ti*^ 

ai*w©ma*ai«-r4«ffa!i3E^s:t'. ieiis¥s 
r=«tyais*#ifc«aro«!=ife^t^'c«E«i*ijRrft«ta 

M«p-r*wa«i«i«i»#si: « «m« & «fc tf iMbsas-t 
*L-?*t«»ii=***rx t l < ii»te*:tfx£#wtf5riiBfc 
■attest***.. jBjswjanwiflcoanEflfjt^fc, as 
»a* fc ttitibjwa© i ^r*i^-*<o *»Jift Attain 
+»ft*ai=iHb#j#x*tti4-r.4 1 *i=. ftSfl)fs 

Lfc«a*mb#j«&i=, ^ti^tt-^B#p B isj# l 

fc«l=» **Jt«A^F+«-«:«aiCfcl^Ttt, SHb^W 
X $itHr L T TStttfX let * / ^— i? 5 t 

a <t »<b*ia t a>inii=»««ff wuMffltstt ( ^' s — s 
St) ffiAtiictt, Mmm.&mmi*m(Dmwmbm 

[0037] tot. £-r, w*ai i=s*«s:-rs*'w© 

ttM<DT-®-tf£ ctzm^\zit. mmm^ommmmx 

Pif^0 3^|^®ffia^*t--S)ct;9lc, M«m^*«K$ 
«A$1+^ci:lcJ;or, »4S;teaJH$o5e^(DSa 
CD 3 aALSB £ BrS©tt«l=W»-f C t ifiuIlktU&tz 

[0 0 3 8] !S^H2lcMf5-r'i)f§BJ<D^*4«/ ; te 
lc O T 14 . AS^a * fc l*»<bJWa(7)«i 

*4S?ftW)H*cDSfE<»±*lc, »4a*fci4ig1bfflao 
t^*i.^-*©*»R«Attfl8^-|-»*«ai=BMbffl^ 
X$tt*&-r^.i:*lc, <fe*<0«ai=7X**fX$ttfSL, 

m Ltznmmmtzmm Lfcama«*a as * tf«EW« 



ftFMW- 9 - 1 9 9 15 1 



■t*i-? f *i-sii#nij«i#-rscticj:y» $=*4 

IHECDflMt**-*- ft ftiff # 3 *B JHGttffiOftM&JI 
JU£H*A^ft#fcj)MAM*l8 (BrJ6©3 4BIHHffi«). ic 

ft. 

[0039] *fc s f*^3i=^t-<s%«a>ffi[»mi& 

«ff»3t¥Sfc*«fci;*BEW«l«»#S:l=«fc or , -tr jh& 
^fia8»a>^*«*wiciiBiHia«»fri>cfCs BMb 

x jfel=**#* £0M6 L fc«a«l=BMb* 
rfxS-tstvFiliflH&U *6l=-fe;H»tt^A«|J5J-)a*KD 

«-0)**«ft9«U=BBlHlKtt«fr4ct'C. gHbffltfx 

1+SCtt% F/r^©3fflJ?®OTloli£*^ft&* : f£:3*B 

■Jlilfttt -6 - 1 j5<17 # ft . 
[0040] 11**1 0I^Jt-r««W<©*» 

*&(D«j*ffia.#&i::*juTi*. flrnvftajfttaiEtK 
H«Att«*+ttfc*aKift<tffl#x*#l6TSi:« 

ftw«-ia*KDSi!»*»t;^ai*nB-c®aLfc«ftiitti= 

ISIS Lfc*Eai5t#S:i3«fc «E#PW«»*SI=«fe o 



tt*%8tii t »<k*ya t (DiwicaamBEWW 

l*rt<D»BiMb«#x*«W**U *»l::***r*0> 
<fe y . ffi*4«;th«JH*lcfcivTMi«g^cD 3 ffiJlSKrt 

BtJB© 3 ffl*ffi<DBB8l€*-i- ft 3 ffilKBttSOftk 
JftJI £JMtT ft d t j&« RTtt t « * te «> . '«*4a;tiJ»JH* 

[004 1 ] 

cm i h i it*nmmmi~<k& u >g?§y$« 

««5fi(0-«*«-r«*B, @2l4ll3d£ff2f§l:: c bftU 

CCrM4M&ft^NcoUTro<^j£^fto 
[0 0 4 2] £1\ Bi|=fcl*T, »H*;lMXJItt3 4) 

#;^ate4iciiig$^fc^a]'i i 4 aid*, ^ti-eh.**; 

[0 0 4 3] *fc, 4 a Iwl4 % **l^4x*EH 

*n*s 4 iaro*E ft *esij^¥ist- ft mE^tt 
[0044] $e>fc. e^tDSEittb^i oicfcyafl^ 

**Lfc*E****EEHP«l«iJ»»« 1 H=A*L. 

^E;ii|^:fiicso*^TmEffl*ijpistett 7 s#iwr ft c 

t-C. *m@SS8lc^*-rft«E$RlT^ffilcfijW-rftJ; 

[0 0 4 5] -73s gi2ICfcl^T. 'TV — Kl afc*?/ 
* V— K 1 bcDAP^-f >1 2, 1 T J — KA 

B*jiif#1 4*5«fctf* V- KAPa»r#1 5^-?-^^ 
KltTL^fto Cc73Ty— KAPjSB3t#1 4*JJ:U:*V — 

KAPSKr# 1 514. * U >|§S^*41:;ii!^7 > hCDil 
telfat*lz. ^iS*fci4g»bicr#:P^^^fttcDr& 

-So 

[0 0 4 6] *;t£» T J — KAPj8tFr# 1 4<tT/— K 
1 ai©f|©7-f>l:lt ^JStttfX (*WCI4» N2 

A*x) $«*£rfftN 2 «^7-r>i e, h 2 **x^«$& 

tt. Air) $-«^-TftA i r«*&^'f>1 8$. -f^t 



(8) !f#P¥ 9 - 1 9 9 1 5 1 



[0047] * V- KAPitBT* 1 5 tf}"J— K 

1 b ^©P^©^ 1/ICI4, ^jStttfX N2 
*fx) $ttM-Ti.N2 l»7-f>2 2. H2 
t h H 2 «»7 2 3 , cfc BfcJHtfX (*#JT' 
It Air] *«*&-r*A i rftl7^24l 

Ai r«l6«»#2 7.£^UTSM*L-Cl*<&„ 
[0 0 4 8] *fc, ^*4SJfe«S*3CDTy-Kl a 

t a v — k i b as t om ic a , tt&*;tM* nt* 3 in*© 

y£g»l±ffl]*ilJ3©# £ — tg*a 3 0 SftttRTttfcBIE L T 
[0 0 4 9] Jsli:©c»:5l=*J*Lfc3|sSI*g^!Sa) 

m;&»«*4m;te«n^3$ s £«a£&# (*be, ksk 

SS3 O OmA/cm2 , Sffiffig; 2 05g) IZfcUT 

*d*«**t>s: ■attci, #;u£p« 4 FeUiciss Lf=*i± 
mttini orosijsfss (OT, tfffflfc 4 ra©sSGE 

-sb©**- ? x $ *> mmzmmmm£T&tfm± l f=. 

[0 0 5 0] fCf, fI^©m;&l^»TKI^ (*]JB*ft 
ti, H2 02 y-f » ^SlJfeLfeiiC^, 113 

(b) . ts^UTmizTjk^-^o^mm^^titzo zz 

1 0 0%H2 lC^jlfciS-&©Sffit*# (W» 
#>-&*©-£$>£>„ 02 W>I4. 2 1 %02 ;lJf 

■efcSffiJR*. 1 0 0%O2 fc^x.fcii^©m)iiii^«- 

[005 1 ] 











1 6 ro V 


1 5 m V 










°2 ^. * 


8 1 m V 


7 9 m V 



[0052] ±mm. (b> ic^^tT-^ig^ 

as ivc. h 2 y-r>, 

."-i4^f £ k &m%®iz[% *>iko 

[0 0 5 3] C#l*€>> «i*ft|)}^ti, * V- K 1 b 
tURU C©* V-K1 b<Dtt«»^g> 



a) *It<c3. 

[0054] -rfc;b*>, ^*4mjft»Ji»3©^^s^$ 
a^i=#jt l s teKttftiMi* 3 ©sit £<sn;g*-e 
&&iHft5 ogic^ft-rSck-?!-. ;tsniS4iz^^;^ 
*Ji*©fflS c©b#, ry — KAPj*»#i 

4, as«fet;*v-KAaaw#i sit. ±mtti>, 

[0 0 5 5] #Cu 3® 
UMfatrtt 4P« 4 IcSBB * *itzfflffl*4 v * 6 & 

[ O O 5 6 ] ftkJftlia 3 4BJtBfi*j&Rtt«< Aff £ 

flJK^^fcTy- K'1 a-., H 2 0ttftttfl#2O£ML 

T, H2 ttlft^-f >1 7<fcUH2 *x*«*ft-r*. ^-© 
ft. ftMKM<7> 3 fflJ|iffi»fie«lB**^fi tJHtt* *if=*i v 

-h'VbA, Ai r 2 7 £81 LT, Air* 

*5-f>24J:i)Ai r$«$g-r§ 0 f Lt, C©B$ S 
fS^-T * * EE 14 , . &fr£Mfi 4 M |=S« L fc fl * <D*EE£ 

^11 1 icAaS+i*. 

[0 o 5 7 ] c ct?. «EEffl*ij*ij»^a 1 1 14, mnm 
fcmmtfc 3 ©mEta^ u^^i^^tmrnm^ s icib 

SLfc«EEfflfiJW^JSm7 ^tiJ^S c fc -e, lEIff 
ai^lcfc^Hf^x-S! -v^WlISO. 3—0. 7V-tr/Hz 

[00 5 8] «EE^A»»IJ«»WI=H!ttttJBI= 
fc-5©-e, crogp-^ro-y-^x-Sf •v^mffitt, 1 v/iz;u 
?1S©»*EE (C©Jf^, *)V— Kl b*<1 v©m&) 

[00 5 9] jfcfc\ ±ie©«ii««pa*iBi*, 'B*4«5te« 

fc. C©mEE«J#B#Wl4, f«*4lt;til»)i«:3©SS<i:to 

is^-xi:ft(ELfcia3 (c) rc*^^Tft^**ii> 

t©T'fci>c 

[0 0 6 0] -r^Ct>*>, M3 (c) ^E^AS|5» 
©JJtt©*;t!l«EE <i: «*4«;fe«)H* 3 ©SJt t HEE^A 

t>tt-5) 0 c©m3 ( c ) fri^mhfrte&oiz^ mwwfc 

[006 1 ] ^fc, El 3 (c) (C^F-rj:51-, SSEE« 
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[oo6 2] tit, 12 mmon&uftmmmm l 

fcfc. AV-KA i r#y&flj»#2 7£^U HW=N 

2 «IS«»#2 5*lH-r*c:t-e. tjv-Fi b*u:« 

g-T-SA i r*N2 vf-So C(7)fl#. 

4 cue* l f=nn x * ^ 6 £ 
[oo63] mMnmmmfc3-£m~\t. jt«w 

Xl^BlE (>0. 8V/-feA0 4«»«<DT5» 
«Ja3 O *7-/ — K 1 ai*V-Kl b £:0>F«SjlcgA-f 

?SIE©*;fcfit#0. 5 V/-tzJH*!.Tlr&-5 C <t £5t& 

[0 0 6 4] 7V— KfflH2 tti£$lj»#2 0£ 

— K1 atf.|rB®^-5>H2 N2 tfXTvv— yt 

-F1 b<D*«Jl^U>»€«A**«Cli:-e. A»& 

3 ffi J?ffi«». £ fl» *f * C t -A^T? * £> . 

[oo6 5] c*t«fcy, j»««jft»)H*:3<©^J)iii-b;u 
lc»ffr«C i IE* y » *-4»o|»f4-bJHItt*ffi 

[ o o 6 6 ] (i2 ©usteff^ffi) u ^ifcs^^m&cD'M 
a^fc^wtt*©!**,, «eE5FA»»roT/ — ki a© 

[ O O 6 7 ] C , Wtt^F &Uft<T>TJ - F 1 a © 

*stB^ u >i$sa *-&-6«aat*fttt. fjiass 1 ©n 

JfiJBffi-caE^fcT / — K 1 a i A V - >* 1 b £ afifetefc 
Ut> *V— F1 b-^H2**X, 7/«K1aAA i r 

ibs Lfc*ttffl»j RT*«ta 7 giwarr & c 1 1; o . 3 
~o. 7 v Mzm$£H& 0 

[0 0 6 8] «E*£»#l*l!flfM*ffil=fc*:0>. 
t?, 1 V/-tz;u©K*BE 7/ — F 1 atfl 

*ttfcistite*i# 3 ©asE t ttaM^© y >h«a 

[O O 6 9] SftlC. J?fS<7>«j#ft|«^7 Ltzmz. 
■?/— Fl a^v© A i r©#tjj&£fi»rU N2 A'X^tt 
^t-^CLtT?. 7 J— Fl a©SgA i r$N2 

/^-vts. c©i$, «EBy?s»£«^Mr;irffl*£4 

IWr?H&* L fc«jtU3tt 8fHL. -7J».¥41l;ftSli» 3 
lc«B Lfc«E*y 5 — Jgffi 3 0 £J3A"f $ S t t?ffl*ij 
Lfc&fcU t) V— F 1 b^CDH2 2>X©W££jIiTU 



N2 ^XSW^Ci:-^ *V-K1 bCD?SSH2 #. 

[0070] ±j2fiLt=j:5ic. ^mmmm(D')>mmm 
mm m & * is t ofljKAi^s i= & i * r 14 , mn =f &n 

[0071] c*t«t y , $i*4*;ft«)i<* 3 a>£*tt-tz;b 

H*j&^&#ft««Stt» CBrjeG>3«JWiHil*) 

[0072] cm 3 commrm) y >B£«*tf£&cDtt 

*4«;fe»Jf t*3©*;gfg«lcfc^T.. — ®©-9-:?X* 

mtti=H*fcWE3Fft*<*£u Ursa* 1 <D*Jt»«ir 
$M*jf , tsjziSrs — F 1 a ©<ttiX)fcop#cD y >iH! 

[0 0 7 3] d<D*B-& v m&Tf&MftOl-ti V— F1 b(D 

[0074] -rnc*5%. asmffjtttai^ftfisjtatt 5 

OJSICfcl^T, 7/ — F1 a'NH2*"X, *V— Fl b 

@K 8 CUBS L fc*Jlffl«l BT*«tt 7 *1H»f 
T? N 0 . 3 ~ 0 . 7 VZ-bJUCftf^Jfr-So 

[0 0 7 5] -7?, *I±^Sa!»i4|gSSttffiicfci)0 
T% 1 V/-feJKD^m)± (CCDiitr. *V— F1 bA<1 

xibtzmMn : ,mmte3 (D^mtmmm^n y >ksa 

?1JS i <DH« «fc y SHE S *i * . 
[0 0 7 6] Br$(OfiH#I^IWA<367 Lfc«l-. 

*V— Fl b-^COA i r0tt$g^3SBTLv N2 ^X^tt 
ISt"-5C:i:t?, A V— F 1 b«A i r $N2 
/<— SJf *- -^^^ «ES»S5^*tt^t;^4P«4 
IWT»«Lfctlftlltt8 SBL. -75W®;fe«H»3 
L fc«JE $ ^* S - «fit 3 0 Af « C t Ttim 
Ltz'&\Z^ 7/ — F1 a--sCDH2 *TX<7)W*&^jgfflT.t. 
N2 7/ — Fl a(D«(BH2 '*r 

[0 0 7 7] JfelC *V— Fl b^-H2 7/— F 

mmiaigg 8 iciHB Ltzm&mm^iK i fwtsc 

tt?, O. 3-0. 7V/tW:ftS$^*„ 
[0 0 7 8] -7?, *]±^mSn«-l4Fj3SSttS(Cfci.CD 
t?s 1 V/-tr;KDiSm)I 7A— Fl aA<1 

*tbtzMmm : ,mmt* 3 (dss t mm^m y >m«a 



(10) 
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[0079] m.m~. m&(DUftmmtf$e7 Lfc«ti=, 

TV— Kl a-^CDA i r©#M&£^BSU N2 
m-f&Ztt:. 7V — K 1 a©8iA i r^N2 tfXT? 

We»J* LfcSmHIS 8 SHL. -*«Mt?ft«Jltt: 3 
f=»S LfctE^S - JStS 3 O SSA-T T? MUM 

N2 #X£&$&-^£>C£:T?, *V— K1 b©SSH2 ii 
X^N2 fXT'^-/f5c 
[0 0 8 0] ±a>Lfcd;5lc. 4&ttjpffiG> 'J 

*4S as as j; -t <p««Mna*a i= as t it. «e=fasp 

M^>) C t "C\ AS* 3 a iMSKtts 

[008 1] zttJ; y , tt&ttttT&aJItt 3 ©£iMfc-fe;u 
B*A^oA»«:ttJitt» (R)T^©3ffi|^ffiSa) 

[008 2] 

*^.Ktt«t *sj# l fc * - 7t? > ^ & a «ttttjf zmmm. 
iifin=*-r*«»*ifc«fct;inb«a*E«LTJiitt-fe;b 

E»is*«i=«fe y as **tfc«Erotii=»cJt^r 

$fiS^-S>cfe die LfrCDT% MS44«?i&fKJ*f«:f=d3L^-t:M|jyK 

[0 0 8 3] -75, If*Il2 7iSll*Ii1 OIZ^JS-Ti) 
&Mtt*tt * *SJ# L fc * — # >*n & ft ■& ttftff 

fii icwt- * mm fe * rfi»4t#js*sii l r m<±iz >i> $ 

» K Jft JOt £ « 331 £ £ 3friP « *< HIS * *t fc $ L 



«?&«Stt;»®»«!:ii75;£i;fc^r, jfrasMRiwe. mi± 

t, «BESl3fe#SI=J: y;flS^*i.f=«EE(Dfiilc*o*UT 

«ee«hmrt*»Si*im»^ * - 1 -c. m«iHitti=fl6±-r 

mMw&AttM*+fttenmizMibMii*zm%iii-z>t 

iciEis l fc«a aje^sjj J: ummmmm^mz * 
y. -biH*tt^fiffls»jsin(Daj»G)«ffi*Bf3e«H=» * 
tz±j[>ft&*&^ft<Dfr£nnmzffl®mvim t-t&z. 
t-e* mimn^^m^Ltzmm^mimmmz. 
•f*t-3SB*iwisnt-r*^ «*4«ja«ii^roiiiEff±* 

©aiC7K***X^tt|gL. $ f>lr-tz;H#tt^Mf|5»Jil^ 
BE»£*K*5 J: t>*1IEEffl$iJ$iJ»^ISl3 J: y . -tz ;U4#t4^F 

» Lfc*l=. 'M*4afe e fet/M1bffla^^;Stt**X-e+» 

zmtttfiisimmT'Bm Ltz9.%\°imzmm Ltzw.&m^. 
^mss^uw±mmmmmmzjz y , -tr;n«t^a««- 

«4'4«;ft«)i{*a)ill5ffih^lc. ^*4a*f=l*K^b 

#j«(75tN-r*tAN-7j©m»s«Atts^+»ftmai3ig 

iwt?»* l fc«miH]ss(cieis l fc«aa5t#ais «fc u'» 
KMvmm^miz * y -trMfts^Aai^mcDSP^ro 

« a ^ +«• <e «a i - as i ^ r I* , M<t fti *rx 

tt * asb» bw. cd as» $ «t; ;-%iD*sp B i -c ; m. l fc mm @ 

«8S»*U A^O'M*4«;tilfIH1*<»^#4a<!:lt<bSija<!: 



(11) tffcW 9 - 1 99 1 5 1 





4 a 


Si 1= , 




5 ... 






6 . • • • 


7X1 1'? J 1 *S S \ 




7 






8 - ■ 






9 — 


•~t2» '— 1— fx* 4 At- 'l /T^ \ 


iHcfg (pJr^(D 3 l-^T^itT, 


1 0 


Mi U_ i-Lj "Sd - > 


T'J cr- he, / v—m T «T 1 _I_ C l»T »— /V rl Ci O- /» i« T T ^tS. / 1— > >^ y rJ-U 7vt^ Al— y J 


11 




'-J J/t |y S ^- w viz o 




■ ■-T / — KAP ^ > 


ria ® (?) ffl * i5& ] 


1 3 






1 4 




C_ 7 |-rr /■iA* U-il O 








i § 




CD ^fifc ff^ ~$T Iflk $L M * 


-| 7 




cm 3i mil i <ds;M2^icd u >Ks?^*sis?fei-fcit-s 


IS 


-•'"7 J ■ — KAP A i r > 




1 9 




^■PF^-m&i^m — -0511 ^-^-^ffeW: 1^1 








2 1 


-A i r 




2 2 


V— K A □ N 2 i^7-f^. 




2 3 


KADH2 «*ft9-f >> 




2 4 






2 5 


••■N2 ft^*J»#, 


1 b-^)V- H\ 


2 6 


-H 2 «*fe$lJfP#, 




2 7 


-A i r «^ftlJfP# 0 



[E12] 

N2 H2 Air 




N2 H2 Air 



(12) f#f$¥9- 1 9 9 1 51 



[01] 



6 — 



30 



ri 




(13) 



ft M¥ 9-19915 



[B3] 

(a) 



[04] 




#tt^fit7X$"^ la 

lb 



I 2 3 n m 




(b) 



H2 fW B ^ 




4 



4 



02 *lj ffl S(K 



-te 
A- 

£E 

\J/ -tel- 



le) 




80°C 50°C 



